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Background of the invention 

Technical Field 

The present invention relates to a motor suitable 
for office automation equipments such as a hard disk drive 
device of computers. 
Description of the prior art 

A motor for driving a magnetic disk or disks of a 
hard disk drive device of computers is structured for example 
3 as shown in Fig. 25. In Fig. 2S, reference numeral 31 

denotes a base member including a flange 31a and a stator 
yoke holder 32, reference numeral 33 denotes a coil or coils, 
reference numeral 34 denotes a stator yoke or yokes, 
reference numeral 35 denotes a rotor, reference numeral 36 
I denotes a central sleeve of a hub of the rotor, and 

reference numeral 37 denotes a rotor magnet or magnets. 
Also included in the motor is a bearing device 40 including 
a shaft 41 secured at its lower end on the central portion 
of the stator yoke holder 32 of the base member 31. The 
rotor hub 35 or rotating member is rotatably supported 
through the bearing device. 

The bearing device 40 employed in the motor 
includes as shown magnified in Fig. 26 upper and lower ball 
bearings 42, 43 having inner rings 42a, 43a fit and attached 



1 



;"="! 



TO 



to a shaft 41 and outer rings 42b, 43b fit within a sleeve 
44. in Fig. 26, reference numeral 42c, 43c denotes balls, 
reference mineral 45 denotes ball retainers, and reference 
numeral 4 £5 denotes a spacer. 

Upon rising the temperature of the bearing device 
under the effect of the frictional heat generated by the 
rotation or operation of the motor or the effect of heat 
energy supplied from the outside of the bearing device, 
thermal expansion of the components of the bearing device 
will be caused differently. In the case of the ball bearings 

it 42, 43/ the order of the amount of expansion in the 

Wit 

S diametrical direction of the components is that the outer 

ring > the inner ring > balls. 
S. In other words, although the spacing between the 

!■* ■ inner and outer raceways of the inner and outer rings will 

increase upon rising the temperature of the motor, the 
amount of the increased spacing is larger than the amount of 
expansion of the balls so that the pressure applied by the 
inner and outer raceways of the inner and outer rings on the 
balls i.e. the pre-load is reduced. This will deteriorate the 
precision of the rotation of the bearing device and vary the 
resonant freguency thereof upon rotating of the bearing 
device, and in some cases causes harmonic oscillation with 
the motor or the other components of the equipment into 
which the motor is incorporated. 



mi 



2 



'02 02/27 WED 16:47 FAX +81 3 383b 4283 Maeda Pat.Ottice m\m/WU 



when the motor of the prior art of the above 
described structure is used for driving the hard disk drive 
device, the accuracy of writing or reading out the data is 
often deteriorated by the vibration of the drive device 
caused by the resonance with other components such as a 
swing arm or a casing. There is also a possibility for 
generating noises caused by the vibration, and affecting the 
quietness of the drive device. 

In case the difference of thermal expansion between 
the inner and outer ring is further increased, the clearance 
between the balls and the raceways of the inner and outer ring 
increases causing rotational run out of the rotor with which 
the magnetic disk or disks are assembled and run out of the 
q surface of the magnetic disk or disks, deteriorating 

jjj reliability of the hard disk drive device. 

H Although the balls are usually formed of steel 

!1 material, ceramic material may also be used for enhancing 

the durability thereof. In such a case, the above mentioned 
problem caused by the difference of the amount of thermal 
expansion between components will become serious, since the 
amount of thermal expansion of the ceramic material is 
further lower (approximately 1/10) than that of the steel 
material . 

Accordingly the object of the present invention 
is to provide a motor wherein appropriate pre-load can be 



3 



'02 02/27 HUD 16:47 FAX +81 3 Siffft 42itf Maeda rat. un ice 



applied constantly to the balls even if the components of 
-the bearing device expand by rising the temperature thereof. 
In other words, the object of the present invention is to 
provide a motor of high precision in its rotation wherein 
the variation of the resonant frequency or the rotational 
run out due to temperature variation are difficult to occur. 
S^nwttary of the Invention 

In order to attain the abject of the present 
invention, a motor in accordance with the first aspect of 
the present invention comprises a rotating member rotatably 
supported through a bearing device on a base member of the 
motor, said bearing device including a shaft, a cylindrical 
outer ring member surrounding the shaft, and a plurality of 
balls of the first and the second rows interposed between 

Q 

fl th© shaft and the outer ring member, the bearing device 

ni 

'Hi characterized in that; 

the outer ring member includes upper and lower 
portions and a central portion therebetween, 

two rows of outer raceways for the first and the 
second row of balls are formed on the inner peripheral 
surface of the upper and lower portions of the outer ring 
member , 

a squeeze member of the same material as that used 
in fo rming the outer ring member or of any other material of 
stabs tan tially the same coefficient of linear thermal 
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expansion as that o£ the outer ring member is press fit 
around the outer periphery of the central portion of the 
outer ring member to elastically deform the outer ring 
member inwardly to form an inwardly protruding squeezed 
portion. 

A motor in accordance with the second aspect of the 
present invention including a rotating member rotatably 
supported through a bearing device on a base member of the 
motor, said bearing device including a shaft to which an 
inner ring is fit slidably, a cylindrical outer ring member 

:l surrounding the shaft, a plurality of balls of the first row 

M 

d interposed between the first inner raceway formed on the 

Hi 

3 outer periphery of the inner ring and the first outer 

raceway formed on the inner periphery of the outer ring 
member, a plurality of balls of the second row interposed 
between the second inner raceway formed directly on the 
outer periphery of the shaft and the second outer raceway 
formed on the inner periphery of the outer ring member, the 
bearing device being characterized in that : 

the outer ring member includes upper and lower 
portions on the inner periphery of which is provided with 
the first and the second outer raceways respectively and a 
central portion therebetween, 

a squeeze member of the same material as that 
used in forming the outer ring member or of any other 
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material of substantially the same coefficient of linear 
thermal expansion as that of the outer ring member is press 
fit around the outer periphery of the central portion of the 
outer ring member to elastically deform the outer ring 
member inwardly to form an inwardly protruding squeezed 
portion, 

wherein the inner ring is secured to the shaft 
with applying an appropriate pre-load thereon, 
4 A motor in accordance with the third aspect of the 

present invention including a rotating member rotatably 
OT^ported through a bearing device on a base member of the 
W motor, said bearing device including a shaft, a cylindrical 

Q outer ring member surrounding the shaft, and a plurality of 

O balls of the first and the second rows interposed between 

ry the shaft and the outer ring member, the bearing device 

g being characterized m that: 

the outer ring member includes upper and lower 
portions and a central portion therebetween , 

two rows of outer raceways for the first and the 
second row of balls are formed on the inner peripheral 
surface of the upper and lower portions of the outer ring 
member, 

a squeeze member of the same material as that 
used in forming the outer ring member or of any other 
material of substantially the same coefficient of linear 
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thermal expansion as that o£ the outer ring member is press 
fit around the outer periphery of the central portion o£ the 
outer ring member to elastically deform the outer ring 
member inwardly to form an inwardly protruding squeezed 
portion , 

wherein the shaft is secured on the base member 
to extend therefrom, and the central portion of the rotor or 
the rotating member is fit over the outer periphery of the 
outer ring inember. 

W 

Q A motor in accordance with the fourth, aspect of the 

1I8 

Uj present invention including a rotating member rotatably 

^ supported, through a bearing device on a base member of the 

motor, said bearing device including a shaft, an inner ring 
fit slidably around the shaft, and a cylindrical outer ring 
member surrounding the shaft, a plurality of balls of the 
first row interposed between the first inner raceway formed 
on the outer periphery of the inner ring and the first outer 
raceway formed on the inner periphery of the outer ring 
member, and a plurality of balls of the second row 
interposed between the second inner raceway formed directly 
on the outer periphery of the shaft and the second outer 
raceway formed on the inner periphery of the outer ring 
member, the bearing device being characterized in that; 

the outer uing member includes upper and lower 
portions on the inner periphery of which is provided with 
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the first and the second outer raceways respectively and a 
central portion therebetween, 

a squeeze member Of the same material as that 
used in forming the outer ring member or of any other 
material of substantially the same coefficient of linear 
thermal expansion as that of the outer ring member is press 
fit around the outer periphery of the central portion of the 
outer ring member to elastically deform the outer ring 
member inwardly to form an inwardly protruding squeezed 
portion , 

wherein the shaft is secured on the base member 
to extend therefrom, and the central portion of the rotor or 
the rotating member is fit over the outer periphery of the 
outer ring member. The balls are preferably of ceramic 
"II material. 

In the motor of another embodiment in accordance 
with the present invention, a thin walled reduced outer 
diameter portion is formed around the outer periphery of the 
central portion of the outer ring member of the bearing 
device, and the squeeze member is press fit around the 
reduced outer diameter portion. 

In the motor of the other embodiment in 
accordance with the present invention, the outer ring member 
of the bearing device includes the first and the second 
sleeve outer rings adjacent axially with each other, each of 
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the first and the second outer raceways is formed on the 
inner surface of the first and the second sleeve outer rings 
respectively, thin walled reduced outer diameter stepped 
portions are formed around adjacent end portions of the 
first and the second sleeve outer rings, and the squeeze 
member is press fit around the reduced outer diameter 

stepped portions . 

In the motor of further embodiment in accordance 
with the present invention, the outer ring member of the 
bearing device includes the first and the second sleeve 
outer rings adjacent socially with each other, each of the 
first and the second outer raceways is formed on the inner 
surface of the first and the second sleeve outer rings 
'«„ respectively, thin walled reduced outer diameter stepped 

il portions are formed around adjacent end portions of the 

m 

H first and the second sleeve outer rings, and each of the 

n 

j|j first and the second squeeze members is press fit around the 

reduced outer diameter stepped portions respectively . 

In the motor of further embodiment in accordance 
with the present invention, the squeeze member of the 
bearing device is a cylindrical body formed on the inner 
periphery of which with a thick walled reduced inner 
diameter portion having an inner diameter smaller than the 
outer diameter of the outer ring member/ an axial width of 
the thick walled portion is smaller than the spacing between 
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two rows o£ outer raceways, and the outer ring member is 
pressed by the reduced inner diameter portion of the 
cylindrical body. 
Brief description of the drawings 

Further feature of the present invention will 
become apparent to those skilled in the art to which the 
present invention relates from reading the following 

specification with reference to the accompanying drawings, 

in which: 

CI Fig. 1 is a vertical sectional view showing the 

ll motor in accordance with the first embodiment of the present 

!,%) invention ; 

Fig. 2 is an enlarged vertical sectional view 
L showing the bearing device of Fig. 1; 

fli F ia 3 is a vertical sectional view showing the 

m 

! S| motor in accordance with the second embodiment of the 

-!**!'• 

f||. present invention; 

Fig. 4 is an enlarged vertical sectional view 

showing the bearing device of Fig. 3; 

Fig. 5 is a vertical sectional view showing the 
tfiotor in accordance with the third embodiment of the present 
invention ; 

Fig. 6 is an enlarged vertical sectional view 
showing the bearing device of Fig- 5; 

Fig- 7 is a vertical sectional view showing the 
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motor in accordance with the fonrth embodiment o£ the 

present invention; 

Fig. 8 is an enlarged vertical sectional view 

showing the bearing device of Fig- 7; 

Fig. 9 is a vertical sectional view showing the 
motor in accordance with the fifth embodiment of the present 
invention ; 

Fig. 10 is an enlarged vertical sectional view 
showing the bearing device of Fig. 9; 

Fig. 11 is a vertical sectional view showing the 
motor in accordance with the sixth embodiment of the present 



Fig. 12 is an enlarged vertical sectional view 
showing the bearing device of Fig. II; 

Fig. 13 is a vertical sectional view showing the 
motor in accordance with the seventh embodiment of the 

present invention; 

Fig. 14 is an enlarged vertical sectional view 

showing the bearing device of Fig. 13; 

Fig. 15 is a vertical sectional view showing the 
motor in accordance with the eighth embodiment of the 
present invention; 

Fig- 16 is an enlarged vertical sectional view 

showing the bearing device of Fig. 15; 

Fig* 17 is a vertical sectional view showing the 
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motor in accordance with the ninth embodiment of the present 
invention ; 

Fig. 18 is an enlarged vertical sectional view 
showing the bearing device of Fig- 17; 

Fig. 19 is a vertical sectional view showing the 
motor in accordance with the tenth embodinvent of the present 
invention; 

Fig* 20 is an enlarged vertical sectional view 
showing the bearing device of Fig. 19; 
0 Fig. 21 is a vertical sectional view showing the 

?M njotor in accordance with the eleventh ettfoodiment of the 

Ui present invention; 

q Fig. 22 is an enlarged vertical sectional view 

Q showing the bearing device of Fig. 21; 

jj Fig- 23 is a vertical sectional view showing the 

!Sj motor in accordance with the twelfth embodiment of the 

fit' . present invention; 

Fig- 24 is an enlarged vertical sectional view 

showing the bearing device of Fig. 23; 

Fig. 25 is a vertical sectional view showing the 
motor in accordance with the prior art; and 

Fig, 26 is an enlarged vertical sectional view 
showing the bearing device of Fig. 25; 
Detailed description of the present invention 

A motor din accordance with an embodiment of the 



12 



'02 02/27 WED 16:50 FAX +81 3 3835 4283 Maeda Pat. Office 1S01S/U42 



present invention will now be described in detail with 
reference to the attached drawings . 

A motor of the first embodiment of the present 
invention includes a base member 1 having a flange la and a 
stator yoke holder 2 attached to the central portion of the 
flange. The stator yoke holder 2 includes a bottom plate 2a 
and a cylindrical rib 2b formed integrally therewith. The 
cylindrical rib 2b is provided around the outer periphery 
thereof with stator yokes 4 around which a coil 3 for 
3 energizing the motor is wound. 

A shaft 6 of the bearing device 5 to be referred 
herein below is fixedly secured on the central portion of 

the bottom plate 2a of the stator yoke holder 2 to extend 

if 

□ ■ upwardly therefrom. A sleeve 9 formed integrally with a 

I rotor 8 and of the same material as that of the rotor is fit 

3 around a sleeve 7 of the bearing device 5- The rotor or the 

% * rotating meriber of the motor can thus be rotatably stqpported 

through the bearing device with respect to the base member 1, 
A downward flange 8a formed around the outer 
peripheral portion of the rotor 8 is provided on its inner 
periphery with magnets 10 so as to face with the outer 
periphery of the stator yoke with a slight clearance between 
them . 

The bearing device 5 of the motor in accordance 
with the present invention is a compound bearing device of 
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unique structure as shown in the enlarged cross sectional 
view of Fig. 2. The compound bearing device 5 comprise a 
stepped shaft 6 including a larger diameter shaft portion 6a 
and a reduced diameter shaft portion 6b, a sleeve 7 
surrounding the stepped shaft 6, and an inner ring 12 fit 
around the reduced diameter shaft portion 6b of the stepped 
shaft. The inner ring 12 has the first inner raceway 11a or 
groove formed therearound. The larger diameter shaft 
portion 6a has the second inner raceway lib or groove formed 
directly around the outer periphery thereof . 

The sleeve 7 includes a pair of parallel first 

4 and second outer raceways 13a and 13b or grooves formed 

N 

Q. directly on the inner peripheral surface thereof. The 

Q sleeve outer ring 7 is adapted to serve as an outer ring in 

common with both rows. A plurality of balls 14a for the 
first row are interposed between the first outer raceway 13a 
and the first inner raceway 11a, and a plurality of balls 
14b for the second row are interposed between the second 
outer raceway 13b and the second inner raceway lib. 

The balls 14a and 14b are made for example of 
ceramic material and have the same diameter. This is 
because the outer diameter of the inner ring 12 is the same 
as that of the larger diameter shaft portion 6a of the 

stepped shaft. 

A thin walled reduced outer diameter portion 15 
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is formed on the outer periphery of the central portion of 
the sleeve 7 between the first and the second cater raceways 
13a and 13b. A squeeze ring 16 is adapted to be press fit 
into the reduced outer diameter portion 15. The squeeze 
ring or squeeze member may be formed of a material of 
substantially the same coefficient of linear thermal 
expansion as that of the sleeve such as iron material or 

aluminum material. 

The squeeze ring 16 is smaller in its inner 
3 diameter than the outer diameter of the reduced outer 

diameter portion 15 before assembling the ring therearound. 
The assembling operation of the ring on the reduced outer 
diameter portion 15 is effected by the shrink-fit technique. 
L The outer diameter of the squeeze ring 16 is the same as 

It! that 0 f the upper and lower larger outer diameter portion of 

f|l 

N the sleeve, 

Q 

f|f When press fitting the squeeze ring 16 around the 

reduced outer diameter portion 15 of the sleeve 7, the 
sleeve 7 is squeezed or pressed inwardly to form on the 
inner peripheral surface of the central portion thereof a 
squeezed portion 17 protruding inwardly under the effect of 
the elastic deformation of the sleeve. 

The inner diameter of the squeeze ring 16 may 
vary in accordance with the material employed for the sleeve 
7 and the threshold value of the increased temperature upon 
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used the motor . The amount of deformation of the squeezed 
portion 17 formed around the sleeve 7 should be within the 
elastic limit of the material of the sleeve. The reference 
numeral 18 denotes each ball retainer. 

When it is intended to assemble the bearing device 
of the arrangement as described above, the squeezing ring 16 
is at first press fit around the reduced outer diameter 
portion 15 of the sleeve 7 by employing the shrink-fit 
technique to deform the sleeve inwardly to form the squeezed 
portion 17 on the inner peripheral surface of the sleeve. 

Thus the first and the second outer raceways of 
the sleeve outer ring 7 are drawn toward the squeezed 
portion 17 to reduce the longitudinal spacing D 3 
therebetween relative to the condition before press fit the 

squeezing ring 16. 

The spacing D 3 between the outer raceways after 
the press fitting of the squeezing ring is designed to be 
increased in accordance with thermal expansion of the 
sleeve due to the increased temperature of the motor. When 
the sleeve reaches the predetermined temperature, for 
example the anticipated maximum temperature of the running 
motor, the spacing between the outer raceways is enlarged to 
the degree before press fitting the squeeze ring. 

Subsequently, the inner ring 12 is fit slidably 
around the reduced diameter shaft portion 6b of the stepped 



16 



r 02 02/27 ffiD 16:52 FAX +8^$ 383b 4283 Maeda Fat.Utiice 



+■8^ 383b 4283 Maeda m.umce 



'si 



shaft 6, the sleeve 7 and the balls 14a, 14b of the first 
and second rows are assembled therearound, and then the 
inner ring 12 is Secured on the reduced diameter shaft 
portion 6b by any means such as an adhesive with applying an 
appropriate pre-load on the tipper end surface of the inner 
ring 12- Thus the compound bearing is completed. 

The temperature of bearing device will rise under 
the effect of the frictional heat generated by the rotation 
or operation of the motor thereof, or the effect of heat 
energy supplied from the outside of the bearing device. 
When the temperature rises, thermal expansion of each 
component of the bearing device will be caused, tfhe amount 
of thermal expansion of the sleeve 7 in the diametric 
jLs direction is larger than that of the inner ring 12 and/or 

j|j the stepped shaft 6. 

SI Consequently, the spacing D x between each of the 

Q . 

first and second inner raceways and the outer raceway will 
increase upon rising the temperature. In this connection, 
the bearing device is deformed to reduce the load applied by 
the raceways on the balls 14a, 14b through the contact 
therewith* This is because the amount of thermal expansion 
of the diameter R of the balls is smaller than that of the 
inner ring 12 and/or the stepped shaft and the sleeve. 

On the other hand, the average diameter of the 
squeezing ring 16 is larger than that of the sleeve 7 so 
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that upon rising the temperature of the bearing device, the 
squeeze ring expands to the amount larger than that of the 
sleeve, the pressure applied by the squeezing ring 16 on the 
sleeve 7 will be reduced, and the sleeve 7 tend to retrieve 
its original straight cylindrical configuration under the 
effect of elastic recovering force , i. e, the inner diameter 
D-2 of the squeezed portion 17 is increased, i.e. the amount 
of protrusion thereof is decreased to extend the sleeve in 
axial direction. In other words, the sleeve itself extends 
axially under the effect of thermal expansion and the 
longitudinal spacing D 3 between the first and the second 
outer raceways 13a and 13b is also increased, so that the 
bearing device is deformed generally to increase the pre- 



W load, 

11 

III In conclusion, the reduction of the pre-load on 

N 

(3 the balls due to 1 the enlargement of the spacing Pi between 

fit 

each of the first and second inner raceways of the first and 
second ball rows and the outer raceway will be offset by the 
augmentation of the pre-load on the balls due to the 
enlargement of the longitudinal spacing B 3 between the 
first and the second outer raceways- Thus an appropriate 
pre-load can be maintained even if the temperature of the 
device rises . 

In the above mentioned bearing device of the motor 
of the first ei^odiment, the sleeve 7 serves as an outer 
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ring in common with both of the upper and lower rows so that 
the number of parts can be reduced, the diameter of the 
larger diameter shaft portion 6a can be enlarged by the sum 
of the thicknesses of the inner and the outer rings of the 
ball bearing, and the diameter of the reduced diameter shaft 
portion 6b can also be enlarged by the thickness of the 
outer ring of the ball bearing, i.e. generally thick shaft 6 
can be obtained. 

Accordingly, the stepped shaft 6 of higher 
rigidity, good at durability, inhibited in its rotational 
run out, and good at quietness can be obtained. Thus the 
durability and the accuracy of rotation of the motor can 
also be improved. 

The motor of the present invention has its 
primary feature in the structure of the bearing device as 
described above. In this connection, different embodiments 
of the motor including bearing device of various structures 
will now be described hereinbelow. 

In each embodiment described as follows , the 
structure of the motor is substantially identical with that 
of the first embodiment except for the bearing device, so 
that the any further descriptions on the structure of the 
motor itself are omitted. 

In the bearing device of the motor of the first 
embodiment as described above, the shaft is formed as the 
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stepped shaft: 6. Ttfhereas the shaft can be a straight one 19 
as that of the second embodiment as shown in Figs, 3 and 4. 

•Ehe bearing device of the motor of the second 
embodiment is also provided with the inner ring 12 on the 
side of the first row of balls 14a (i.e. the upper side in 
Figs. 3 and 4). Whereas no inner ring is provided on the 
side of the second row of balls 14c (i.e. the lower side in 
Figs. 3 and 4) , and the second inner raceway lib is formed 
directly on the outer peripheral surface of the straight 

3 shaft 19. 

Q 

l! Thus the balls 14c of the second row are larger 

j?j in their diameter than that of the balls 14a of the first 

H . 

m row - 

" The bearing dtovioe of the motor of the second 

[1 embodiment is substantially identical with that of the first 

fll 

S\ embodiment except for the arrangement of the shaft and the 

f$| balls of the second row. 

The motor of the first and the second embodiments 
have the sleeve 7 serving as one common outer ring member 
having on its inner surface the outer raceways 13a, 13b of 
the two rows. Whereas, the outer ring can be divided into 
an upper first sleeve outer ring 7a and a lower second 
sleeve outer ring 7b as the third to the sixth embc*±Lments 
as shown in Figs. 5 to 12. 

In the third and the fourth enfoodiments , each of 
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the first and the second sleeve outer rings 7a and 7b is 
formed with reduced outer diameter stepped portions 20a, 20b 
respectively on their ends adjacent with each other. The 
end faces of these reduced outer diameter stepped portions 
are machined in high precision to contact intimately with 
each other. The squeeze ring 16 is adapted to be press fit 
around the outer periphery of the reduced outer diameter 

portions 20a, 20b. 

The bearing device of the fourth embodiment as 
3 shown in Figs. 7 and 8 is arranged to substitute the 

straight shaft 19 for the stepped shaft 6 of the third 
embodiment shown in Figs. 5 and 6, and the components or 
arrangements other than the shaft and the balls of the 
second row are identical with those of the third embodiment- 
In the bearing device of the fifth and the sixth 
%\ embodiments, each of the thin walled reduced outer diameter 

f| stepped portions 20a, 20b are formed respectively on the 

ends of the first and the second sleeve outer rings 7a and 
7b adjacent with each other. The end faces of these reduced 
outer diameter Stepped portions are machined in high 
precision to contact intimately with each other. Each of 
the first and the second squeeze rings 16a, 16b is adapted 
to be press fit respectively around the outer periphery of 
each of the reduced outer diameter portions 20a, 20b. 

The bearing device of the sixth embodiment as 
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shown in Figs. 11 and 12 is arranged to substitute the 
straight shaft 19 for the stepped shaft 6 of the fifth 
embodiment shown, in Figs. 9 and 10, and the components or 
arrangements other than the shaft and the balls of the 
second row are identical with those of the fifth embodiment. 

In the bearing device of the third to sixth 
embodiments , the press fitting operation of the squeeze ring 
16 or the rings 16a, and 16b around the reduced outer 
diameter portions 20a, 20b of the sleeve outer ring can be 
effected easier than those effected on the first and second 
embodiments , since the sleeve outer rings 7a and 7b of these 
embodiments are divided or separated into the upper and 
lower outer rings. 

In the motor of the above described first and 
second embodiments the sleeve 7 serving as one common outer 
ring member of the bearing device includes a pair of outer 
raceways formed thereon, Xt is difficult to machine these 
two outer raceways with assuring the concentricity and/or 
parallelism between the raceways in high precision. This 
machining operation is particularly difficult where the 
balls of the first row are spaced relatively larger from 
those of the second row. "Whereas in the bearing device of 
the motor of the third to the sixth embodiments the 
machining operation of the outer raceways in high precision 
can relatively easily be carried out. This is because the 
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sleeve is separated into two sleeve outer rings 7a, 7b , and 
the machining operation may be carried out in each of these 
Sleeve outer rings. In other words, the raceways can easily 
be machined in high precision. This will bring the great 
advantage that the raceways can easily be machined in high 
precision even if the spacing between the balls of the first 
row and those of the second row is relatively large. 

In the bearing device of the motor of the third to 
the sixth embodiments, the outer diameter of the squeeze 
ring 16 or the rings 16a, and 16b is identical with that of 
the upper and lower larger outer diameter portions of the 
sleeve outer ring 7 or the rings 7a, 7b in the same manner 
as those of the first and the second embodiments , 

In the motor of the above-described first to the 

sixth enfoodiments, the hearing device is formed straight on 

PI 

\{ its outer diameter, so that the sleeve of the bearing device 

l|| can easily be assembled into the sleeve of the rotor without 

requiring any special machining operation. 

In the motor of the above described the first to 
the sixth embodiments, the thin walled reduced outer 
diameter portion 15 or the reduced outer diameter stepped 
portions 20a, 20b is formed around the sleeve of the bearing 
device and the squeeze ring 16 or the rings 16a, and 16b is 
press fit thereto. Whereas in the motor of the seventh 
embodiment shown in Figs. 13 and 14, and the eighth 
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eirkodiment shown in Figs. 15 and 16, a sleeve 21 of the 
straight: cylindrical configuration having no stopped 
portion around the outer peripheral surface thereof can also 
be used. A cylindrical body 22 or squeeze member may be 
mounted around the outer periphery of the sleeve 21 - 

Each of the cylindrical body 22 of the seventh 
and the eighth embodiments has a straight cylindrical 
configuration having an outer periphery of a constant 
diameter in the axial direction, The cylindrical body 22 
has on its inner peripheral surface upper and lower larger 
inner diameter portions and a thick walled reduced inner 
diameter portion 23 therebetween- 
£3 The inner diameter of the upper and lower larger 

3 inner diameter portions of the cylindrical body 22 is larger 

fit 

f| than the outer diameter of the sleeve so that a slight gap 

\J 

Q is formed between each larger inner diameter portion and the 

outer peripheral surface of the sleeve. Whereas the inner 
diameter of the reduced inner diameter portion 23 is smaller 
than the outer diameter of the sleeve 21 so that the sleeve 
21 is adapted to be pressed inwardly by the reduced inner 
diameter portion 23. Thus the sleeve is deformed elastically 
under the influence of the urging force to form the 
s<jueezed portion 17 protruding inwardly on the inner surface 
thereof between the first and the second outer raceways 13a , 
13b. 
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T he inner diameter of the reduced inner diameter 
portion 23 is determined on the basis of the materials 
employed for the sleeve 21 and the threshold value of the 
increased temperature upon used the motor. The amount of 
deformation of the squeezed portion 17 formed around the 
sleeve 21 should be within the elastic limit of the material 
of the sleeve. 

The motor of the ninth to the twelfth embodiments 
as shown in Figs. 17 to 24 are devised to facilitate the 
initial deformation of the sleeve 21 of the bearing device 
of the seventh and the eighth ^nbodiments as described above. 

In the motor of the ninth eirfoodimant as shown in 
Q Figs. 17 and 18, and the motor of the tenth embodiment as 

shown in Figs. 19 and 20, the sleeve 21 can be divided into 
upper and lower portions on the inner surface of which is 
provided with the first and the second outer raceways 13a, 
13b respectively and one central portion interposed between 
the upper and lower portions. The sleeve 21 is provided on 
the outer peripheral surface of the central portion thereof 
with a pair of parallel peripheral grooves 24a, 24b of the 
spacing therebetween larger than the width of the reduced 
inner diameter portion 23 of the cylindrical body 22 . 

In the bearing device of the motor of the ninth 
and the tenth embodiments, the central portion of the sleeve 
formed between the peripheral grooves 24a , 24b is pressed by 
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the reduced inner diameter portion 23 of the cylindrical 
body 22 to deform inwardly to form the squeezed portion 17 . 

The bearing device of the motor of the tenth 
embodiment as shown in Figs. 19 and 20 is arranged to 
substitute the straight shaft 19 for the stepped shaft 6 of 
the ninth embodiment shown in Fig. 17 and 18, and the 
components or the arrangements other than the shaft and the 
balls of the second row are identical with those of the 
ninth embodiment. 

In the bearing device of the motor of the eleventh 
!§ embodiment as shown in Figs. 21 and 22 and the motor of the 

jjj twelfth eiitoodiment as shown in Figs- 23 and 24, the sleeve 

si 
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21 includes upper and lower portions and a central portion 
interposed therebetween. Bach of the upper and lower 
portions of the sleeve 21 are provided on their inner 
peripheral surfaces with the first and the second outer 
raceways 13a , 13b respectively. The central portion of the 
sleeve outer ring is provided on its inner peripheral 
surface a larger inner diameter portion 25 of the axial 
width substantially identical with that of the reduced inner 
diameter portion 23 of the cylindrical body 22- 

The sleeve 21 of the bearing device of the motor 
of the eleventh or twelfth exnbodiment is adapted to be 
deformed around the larger inner diameter portion 25 
inwardly under the influence of the urging force applied by 
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the reduced inner diameter portion 23 of the cylindrical 
body 22 from the outer side of the outer ring 21* 

The bearing device of the motor of the twelfth 
embodiment as shown in Figs. 23 and 24 is arranged to 
substitute the straight shaft 19 for the stepped shaft 6 of 
the eleventh c^odiment shown in Fig. 21 and 22 f and the 
components or the arrangements other than the shaft and the 
balls of the second row are identical with those of the 
eleventh embodiment. 

Although the balls used in each embodiment as 
described above are formed of ceramic material to enhance 
the durability thereof, steel or any other materials may be 
used therefor. 

!Che motors of above-mentioned embodiments are all 
of the outer rotor type in which the shaft of the motor is 
stational . However, the motor of shaft rotating type in 
which the sleeve outer ring or the outer ring member of the 
compound bearing device is connected to the side of the base 
member, and the rotating member is connected to the shaft 
can also be used. Further r a motor of the inner rotor type 
in which the rotor magnets are provided on the inside of the 
stator yoke can also be used. 

The motor of the arrangement or the structure as 
described above in accordance with the present invention 
will present the following effects or advantages. 
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The squeeze member presses inwardly the central 
portion of the outer ring member surrounding the shaft to 
form a squeezed portion, so that upon rising the temperature 
of the motor, the components of the bearing device will 
expand to enlarge the spacing between the inner and outer 
raceways. On the other hand, the outer ring member extends 
under the effect of elastic recovering force and thermal 
expansion in the axial direction to enlarge the axial 
spacing between the first and the second outer raceways. 
O Thus the load to be applied to the balls through the contact 

with the inner and outer raceways, i,e. the pre-load applied 
on the balls are maintained in a predetermined value. 

Consequently, the accuracy of the rotation of the 
bearing device can be kept constant even if the variation of 
the temperature of the motor occurs, A varying of the 
resonant frequency can substantially be prevented. The 
rotational run out of the motor and the noise accompanied 
therewith can also be reduced. 

The bearing device of longer lifetime can be 
obtained by using balls of ceramic material. This is 
because the durability of the ceramic material is greater 
than steel. Thus the motor of longer lifetime of enhanced 
durability can also be obtained. 

In the motor of the structure according to the 
sixth and seventh aspect of the present invention in which the 
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outer ring member of the bearing device is formed of a pair 
of first and the second sleeve, the machining operation of 
the outer raceway on the outer ring member can be effected 
easily, since each raceway can be formed respectively on 
each of the first and the second sleeve. 

While particular embodiments of the present 
invention have been illustrated and described, it should be 
obvious to those skilled in the art that various changes and 

|,i modifications can be made without departing from the spirit 

1:5 

P and scope of the invention. 
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